INTRODUCTION
In cold regions, every year infrastructures such as concrete pavements and dams need to be repaired due to mechanical loading and freeze-thaw damage. There is a lot of research on freeze-thaw damage of concrete materials, but less so on that of concrete repair systems, especially on adhesive interface. [1] [2] [3] The splitting tensile strength of composites was given and discussed. While no further discussion on failure mode and degradation of adhesive interface of composites was published. The factors affecting the interfacial bond properties under freeze-thaw cycles still remain unclear.
In this study, three kinds of substrate concrete and three kinds of repairing mortar were tested as concrete repair system. The effects of substrate concrete and repairing mortar, and freeze-thaw cycles on composites and adhesive interface were explored.
Experimental
To investigate the effects of water cement ratio and air entraining agent, three kinds of substrate concrete were chosen. The water cement ratio of normal concrete without and with air entraining agent (marked as N and NA respectively) was 0.55, while that of high strength concrete (marked as H) was 0.32. For the air entrained concrete (NA and H), the fresh air content is 5%. The repair material was ordinary Portland cement mortar (marked as MA and MX) with water cement ratio of 0.50, where the ratio of cement to sand was 1:3 by volume, and fresh air content was 4% and 2% respectively. Another kind of repairing material was a commercial product of PCM, which was specifically designed for concrete repair. Concrete prisms with the dimension of 50×100×100 mm were casted. One day later, the concrete prisms were demolded and cured in water at temperature of 20 ± 1 °C for 28 days. Then the surface of the concrete prism to be repaired was sandblasted until the coarse aggregate appeared. At the same time, concrete prisms with the dimension of 100×100×400 mm and cylinders with the diameter of 100 mm and the height of 200 mm were casted for RDEM test, splitting tensile test and compressive test.
During concrete repairing, the substrate concrete was put into the bottom of the steel mold of the dimension of 100×100×100 mm, with the repairing surface up. The repairing material was casted, placed on top of the substrate concrete in the mold and compacted using a vibrating bar. Airentrained mortar (Marked as MA) was casted just after the substrate concrete was sand-blasted (one month curing time for substrate concrete); while non-air-entrained mortar (MX) and PCM was casted 8 months later (9 months curing time for substrate concrete).
Two days after casting, composite prisms with dimension of 100×100×100mm were cured in water for 28 days. Then they were put in the environmental chamber to be subjected to freeze-thaw cycles. Figure 1 shows the temperature cycle of the center of concrete prism, which accorded to ASTM C666 procedure A. After certain number of cycles, composite prisms were taken out to do splitting tensile test to get the splitting tensile strength and to observe failure mode. Figure 2 shows the test set-up of splitting tensile test. 
RESULTS AND DISCUSSIONS

Relative dynamic elastic modulus of substrate concrete and repairing mortar
Relative dynamic elastic modulus (RDEM) was used to quantify the extent of damage under freeze-thaw damage. From Figure 3 , the RDEM of air-entrained material (NA, H and MA) and PCM had nearly no degradation, but that of normal concrete without air entraining agent (N and MX) decreased to 54% and 72% with 150 freeze-thaw cycles. For all the splitting prism tests except N-MA composite specimen with 150 free-thaw cycles, the failure mode was adhesion failure. After splitting failure, the substrate concrete was distinctly separated from the repairing mortar as shown in Figure 5 (a). For N-MA composite specimen with 150 cycles, the failure mode was substrate failure with fracture happened in the substrate concrete side, as shown in Figure 5 (b) .
For NA-M and H-M composite specimens, as the failure mode was adhesion failure, splitting tensile strength of composite specimens are regarded as that of adhesive interface. The splitting tensile strength of adhesive interface was always smaller than those of both substrate concrete and repairing mortar. The adhesive interface was the weakest part of the composite specimens with and without freeze-thaw cycles, but did not deteriorate obviously with increasing number of freeze-thaw cycles.
For N-M composite specimens, until 100 freeze-thaw cycles, the failure mode was adhesion failure as adhesive interface was the weakest. But up to 150 freeze-thaw cycles, the splitting tensile strength of normal concrete (N) had decreased to 56.2% of the value of 0 cycle, and RDEM had decreased to 63% of the value of 0 cycle, while the splitting tensile strength of the interface bonding did not deteriorate obviously. The failure mode shifted from adhesion failure to substrate failure, showing substrate concrete (N) was the weakest in the repair system.
Substrate concrete repaired with Non-AE mortar 3.3.1 Splitting tensile strength of substrate concrete and repairing mortar
From Figure 7 , the splitting tensile strength of airentrained material (NA and H) had nearly no degradation, but that ordinary concrete without air entraining agent (N and MX) decreased to 47% and 78% with 150 freeze-thaw cycles. 
Splitting tensile strength of composite specimens
From Figure 8 , the splitting tensile strength of composites decreased with increasing number of freezethaw cycles. For all three kinds of composites, from 0 to 100 cycles, the dominant failure happened at the adhesive interface, showing that the splitting tensile strength of adhesive interface also decreased with increasing number of freeze-thaw cycles. 
Substrate concrete repaired with PCM 3.4.1 Splitting tensile strength of old concrete and repairing mortar
From Figure 9 , the splitting tensile strength of airentrained material (NA and H) and PCM had nearly no degradation, but that of normal concrete without air entraining agent (N) decreased to 47% with 150 freeze-thaw cycles. All composite specimens failed as adhesion failure. From Figure 10 , the splitting tensile strength of all three PCM repaired composite systems decreased dramatically with increasing number of freeze-thaw cycles. The adhesive interface was always the weakest part of composite specimens. It was reasoned that the porous interface contained more water than PCM bulk. The polymer film could be damaged by the moisture ingress and freeze-thaw cycles [4] [5] [6] . The internal part of PCM or the PCM bulk was not obviously damaged under freeze-thaw cycles, because of the low permeability and high percentage of polymer film. But the surface area of PCM is subjected to damage under freeze-thaw cycles.
CONCLUSIONS
Based on the experimental results in this study, the following conclusions can be drawn: 1) The splitting tensile strength of PCM repaired composite specimen decreased quite quicker than that of ordinary Portland cement mortar repaired composite specimen.
2) The splitting tensile strength of adhesive interface did not decrease obviously with up to 150 freeze-thaw cycles for composites repaired with air-entrained mortar (MA); while that of adhesive interface decreased for composites repaired with non-air-entrained mortar (MX).
3) The air entraining agent of repairing mortar greatly affect the degradation of adhesive interface especially the second layer of the interface under freeze-thaw cycles. 4) The water cement ratio and air entraining agent of substrate concrete affect insignificantly the adhesive interface under freeze-thaw cycles. 5) The water cement ratio and air entraining agent of substrate concrete affected the tensile strength and freeze-thaw resistance of substrate concrete, thus possibly affecting the failure mode and splitting tensile strength of composite specimens.
